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[57] ABSTRACT 

An information recording/reproducing method in 
which a recording area is divided into a plurality of 
zones in the radial direction of a disk so that the lengths 
of recording pits become the same in the entire record- 
ing area of the disk and the recording/reproduction of 
mformation is effected with the number of revolutions 
of the disk changed in each zone from the inner periph- 
eral zone toward the outer peripheral zone. The method 
includes the step of effecting the recording or reproduc- 
tion of the information without changing the number of 
revolutions if the amount of information to be recorded 
or reproduced is equal to or smaller than a predeter- • 
mined amount when seeking is effected from a zone in 
which a recording/reproducing head is in a standby 
state to a different zone to effect the recording or repro- 
duction. 

17 Claims, 11 Drawing Sheets 
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FIG. 5 
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FIG. 6 
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FIG. 9 
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data, and if such a signal processing system does this, it 

DEFORMATION RE COR DING/REPRODUCING can waste the inner peripheral portion of the disk. 

METHOD Also, in the latter method, the transfer speed of repro- 
duced data is constant in the inner and outer peripheries 

BACKGROUND OF THE INVENTION S of the disk, but when the seeking of a recording/repro- 

1 Field of the Invention dudng head is perfomed beyond a zone, a long time is 

This invention relates to an information recording- ^ ^ the number ofrevolutions of a spindle motor 

/reproducing method of effecting the recording and/or dak becoma equal to tl^ number of 

reproduction of mformation on a disk-like recording ,„ ^<^lf °',i^f S^"**??"*?* and this has ted 

medium, and particularly to an information recording- '° *° ^ P""*'"" ^""^^ 

/reproducing method in which the recording area of a SUMMARY OF THE INVENTION 

recording medium is divided into a plurality of zones in *:t.u j- - a. 

the n«M direction of the recording medium and the J^^ P'^°* invention ^been made m view of the 

recording/reproduction of informatiln isdK . f °blems and has as its object the provi- 

the rotatonS^speed of the disk made to beSe^S " ?'on of an mformauon recordmg/reproducmg method 

each zone, whe^y the ^aOd record length ofTtZ ^ recording density is made OMStant on the 

<,uu<^ wuciwjr uic apouoi .cwiu icugui ui a »c ^ ^ peripheral poruons of a disk to thereby 

pit IS made constant over the entmj rccordmg ^^^g de^ty, the transfer speed of 

onito/fpir riAr* rcproduced data is constant in the inner and outer pe- 

iJ^ISon r^^^^^ methods ,f 20 nph^^^^^^^ 
recording/reproducing informalionon a disk-Uke ^o achieve the above object, an information recor- 
cordmg medium (henjmafter referred to as the disk) ding/reproducing method according to the present 
include a magnetic recortog/rq>rodii^^ method di- ij^^^^^on is provided in which a recording area is di- 
rects! to a floppy disk and an optical mfo^ 25 vided into a plurahty of zones in the radial direction of 
dmg/repr«iucmg method directed to a CD or a magne- ^ ^^y^ ^ ^^at the lengths of recording pits may become 
to-optic^ disk. ^ recording area of the disk and the 

The diameter of disks used m these methods is pre- recording/reproduction of information is effected with 

scribed as 5.25 or 3 mches, and the recent techmcal task ^^e number of revolutions of the disk changed in each 

IS how densely mformation can be recorded on disks of 30 ^one from the inner peripheral zone towarf the outer 

such a diameter. peripheral zone. The method comprises the step of 

Vanous mformation recordmg/reproducmg methods effecting the recording or reproduction of the informa- 
have heretofore been devised to solve such a task and without changing the number of revolutions if the 
above all, attention has been paid to a method called amount of mformation to be recorded or reproduced is 
MCAV (modified constant angular velocity) or ZCAV 35 ^qual to or smaUer than a predetermined amount when 
(zone constant angular velocity). According to this seeking is effected from a zone in which a recording/re- 
method, the recording area on the disk is divided into a producing head is on standby to a different zone to 
plurality of zones in the radial direction of the disk, and effect the recording or reproduction, 
the recording/reprodudng frequency of each zone is Also, an information recording/reproducing method 
made higher from the inner peripheral zone toward the 40 is provided m which a recording area is divided mto a 
outer peripheral zone, thereby makmg the recording plurahty of zones in the radial direction of a disk so that 
density on the inner and outer peripheries of the record- the lengths of recording pits may become the same in 
ing area constant According to this method, as com- the entire recording area of the disk and the recording- 
poured with the conventional method of effectiiig recor- /reproduction of information is effected with the num- 
ding/reproduction with the number of revolutions and 45 ber ofrevolutions of the disk changed in each zone from 
the recording/reproducing frequency kept constant, the inner peripheral zone toward the outer peripheral 
there is obtained an about 50% increase in recording zone. The method comprises the step of effecting, when 
capacity. a zone in which the frequency of recording or repro- 

Another method to which attention has been paid is a duction exceeds a predetermined value is created in a 

method called MCLV (modified constant linear veloc- 50 series of recording or reproducing operations, the next 

ity) or ZCLV (zone constant linear velocity) in which recording or reproduction at a number of revolutions 

the recording area on the disk is divided into a plurahty corresponding to that zone. 

of zones in the radial direction of the disk and the num- Also, an information recording/reproducmg method 

ber of revolutions of the disk in the respective zones is is provided in which a recording area is divided into a 

made lower from the inner peripheral zone toward the SS plurahty of zones in the radial direction of a disk so that 

outer peripheral zone, thereby making the recording the lengths of recording pits may become the same in 

density on the inner and outer peripheries of the record- the entire recording area of the disk and the recording- 

ing area constant. Again by this method, as compared /reproduction of information is effected with the num- 

with the conventional CAV method, there is obtained ber ofrevolutions of the disk changed in each zone from 

an about 50% increase in capacity. 60 the inner peripheral zone toward the outer peripheral 

In the former method, however, the linear velocity of zone. The mediod comprises the step of effecting, when 

the disk is increased toward the outer periphery of the a zone in which recording or reproduction is effected 

disk and this leads to a problem that the transfer speed and continues a predetermined or greater number of 

of reproduced data is varied by the reproducing posi- times, the next recordmg or reproduction at a number 

tion of the disk, and the usability of the device as an 6S of revolutions corresponding to that zone, 

information recording/reproducing apparatus is poor. Also, an information recording/reproducing method 

Also, a reproducing signal processing system must ac- is provided in which a recording area is divided into a 

comodate the transfer speed of the outermost peripheral plurality of zones in the radial direction of a so that 
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the lengths of recording pits may become the same in a first control step including the following operations: 

the entire recording area of the disk and the recording- (1) effecting the recording or reproduction of the 

/reproduction of information is effected with the num- information without changing the number of revolu- 

berof revolutions of the disk changed in each zone from tions if the amount of information to be recorded or 

the inner peripheral zone toward the outer peripheral 5 reproduced is equal to or smaller than a predetermined 

zone. The method comprises the steps of dividing the amount when seeking is effected from a zone in which 

recording area into a plurality of partitions including a a recording/reproducing head is on standby to the inner 

plurality of zones, and changing, after one cycle of peripheral zone to effect recording or reproduction, 

recording or reproduction is completed when the re- effecting the recording or reproduction of die informa- 

cording or reproduction of continuous information is 10 tion with the number of revolutions increased to a num- 

effected in one of the partitions, the number of revolu- ber of revolutions corresponding to the zone to be 

tions to a number of revolutions corresponding to the sought if the amoimt of information to be recorded or 

outermost peripheral zone in that partition. reproduced is greater than the predetermined amount, 

Also, an information recording/reproducing method and waiting for the next recording or reproduction at 

is provided in which a recording area is divided into a IS the number of revolutions during recording or repro- 

plurality of zones in the radial direction of a disk so that duction after the termination of a series of recording or 

the lengths of recording pits may become the same in reproducing operations; 

the entire recording area of the disk and the recording* (2) effecting recording or reproduction without 
/reproduction of i^onnation is effected with the num- changing the previous number of revolutions when the 
ber of revolutions of the disk changed in each zone from 20 recording or reproducing operation is to be performed 
the inner peripheral zone toward the outer peripheral in the zone wherein the recording/reproducing head is 
zone. The method comprises the step of recording, on standby, and waiting for the next recording or repro- 
when said recording area is divided into a plurality of duction at the number of revolutions during recording 
partitions including a pliirality of zones, the managed or reproduction after the termination of a series of re- 
information of each partition in the innermost periph- 25 cording or reproducing operations; 
eral zone in said partition, and effecting the recording (3) effecting the recording or reproduction of the 
or reproduction of the information without changing information with the number of revolutions decreased 
the number of revolutions between the zone having the to a number of revolutions corresponding to the zone to 
managed information recorded therein and the other be sought when seeking is effected from the zone in 
zones when recording or reproduction in the partition is 30 which the recording/reproducing head is on standby to 
effected. the outer peripheral zone to effect recording or repro- 
Also, an information recording/reproducing method duction, and waiting for the next recording or repro- 
is provided in which a recording area is divided into a duction at the number of revolutions during recording 
plurality of zones in the radial direction of a disk so that or reproduction after the tennination of the series of 
the lengths of recording pits may become the same in 35 recording or reproducing operations; 
the entire recording area of the disk and the recording- a second control step including the following opera- 
/reproduction of information is effected with the num- tions: 

ber of revolutions of the disk changed in each zone from first, adopting the number of revolutions for the out- 

the inner peripheral zone toward the outer peripheral ermost peripheral zone in the partition wherein the 

zone. The method comprises the steps of effecting the 40 reproducing head lies now; 

recording or reproduction of the information without (1) effecting the reproduction of the information 

changing the number of revolutions and also waiting at without changing the number of revolutions if the 

that number of revolutions after the tennination of the amount of information to be reproduced is equal to or 

recording or reproduction if the amount of information smaller than a predetermined amount when seeking is 

to be recorded or reproduced is equal to or smaller than 45 effected from a zone in the partition wherein the repro- 

a predetermined amount when seeking is effected from ducing head is on standby to a different zone to effect 

a zone m which a recording/reproducing head is on reproduction, effecting the reproduction of the informa- 

standby to the inner peripheral zone to effect the re- tion with the number of revolutions increased to a num- 

cording or reproduction, effecting the recording or ber of revolutions corresponding to the zone to be 

reproduction of the information at the number of revo- SO sought if the amount of information to be reproduced is 

lutions if the amount of information to be recorded or greater than the predetermined amount, and waiting for 

reproduced is equal to or smaller than the predeter- the next reproduction with the number of revolutions 

mined amount whien the next recording or reproduction decreased to a number of revolutions corresponding to 

is effected in the same zone, and effecting the recording the outermost peripheral zone in the partition after the 

or reproduction of the information with the number of SS termination of a series of reproducing operations; 

revolutions changed to a number of revolution corre- (2) effecting the reproduction of the information 

sponding to that zone if the amount of information is without changing the number of revolutions if the 

greater than the predetermined amount. amount of information to be reproduced is equal to or 

An information recording/reproducing method is smaller than a predetermmed amount when the repro- 

provided in which a recording area is divided into a 60 ducing operation is performed in the zone wherem the 

plurality of zones and a plurality of partitions including reproducing head is on standby, effecting the reproduc- 

the zones in the radial direction of a disk so that the tion of the information with the number of revolutions 

lengths of recording pits may become the same in the increased to a number of revolutions corresponding to 

entire recording area of the disk and the recording/re- the zone if the amount of information to be reproduced 

production of information is effected with the number 65 is greater than the predetermined amount, and waiting 

of revolutions of the disk changed in each zone from the for the next reproduction with the number of revolu- 

inner peripheral zone toward the outer peripheral zone. tions decreased to a number of revolutions correspond- 

The method comprises ing to the outermost peripheral zone in the partition 
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after the tennination of a series of reproducing opera- of the signal processing circuit selected by the signal 
tions; processing speed changing switch 4, the reference nu- 

(3) effecting the reproducing operation without meral 6 denotes a rotation frequency setting circuit for 
changing the number of revolutions when seeking is determining the number of revolutions selected by the 
effected from the zone in which the reproducing head is 5 number<of-revo!utions changing switch 3, the reference 
on standby to the outer peripheral zone to e£fect repro- numeral 7 designates a signal processing circuit for 
duction, and waiting for the next reproduction at a processing a recording/reproducing signal sent to or 
number of revolutions corresponding to the outermost obtained from a recording/reproducing head, and the 
peripheral zone in the partition after the termination of reference numeral 8 denotes a CPU for controlling the 
the series of reprodu^g operations; and 10 number-of-revoludons changing switch 3 and the signal 

the step of changing over said first control step and processing speed changing switch 4. The CPU 8 exe- 
said second control step in conformity with the situa- cutes the seeking of an outside host computer (the seek- 
tion. ing herein referred to is the seeking of the recording/re- 

BRIEF DESCRffnON OF THE DRAWINGS „ Producing h«id and wiU hereinafter be simply referred 

15 to as the seeking), the control of the number-of-revolu- 

FIG. 1 is a block diagram showing an information tions changing switch 3 and the signal processing speed 
recording/reproducing apparatus for carrying out the changing switch 4 on the basis of the seeking and a 
information recording/reproducing method of thepres- command for recording or reproduction, and detenni- 
ent invention. nation based on a flow chart which will hereinafter be 

FIG. 2 is a flow chart showing a first embodiment of 20 described. The reference numeral 9 designates a mem- 
the present invention. ory connected to the CPU 8, and the reference numeral 

FIG. 3 is a flow chart showing a second embodiment lo denotes the recording/reproducing head, 
of the present invention. On the basis of the above-described construction, 

FIG. 4 is a flow chart showing a third embodiment of description will now be provided of the operation in 
the present invention. 25 each embodiment of the present invention. 

FIG. 5 is a flow chart showing a fourth embodiment in the present invention, as shown in Table 1, the 
of the present invention. tracks in the recording area of the recording medium 

FIG. 6 is a chart for illustrating a predetermined are divided in advance into zones logically in the unit of 
amount of information in the present invention. plural tracks in the radial direction of the recording 

FIG. 7 is a schematic view showing the first embodi- 30 medium, and in each zone, the recording/reproducing 
ment of the present invention. operation is effected at a predetermined number of re- 

FIG. 8 is a schematic view showing the first embodi- cording revolutions. Also, the number of revolutions of 
ment of the present invention. the recording medium differs from zone to zone, and 

FIG. 9 is a schematic view showing the second em- becomes hi^er toward the inner periphery of the re- 
bodiment of the present mvention. 35 cording medimn. At this time, the recording/reproduc- 

FIG. 10 is a schematic view showing the third em- ing frequency (specificaUy, the frequency of a clock 
bodiment of the present invention. signal which takes the modulation timing of recorded 

FIG. 11 is a schematic view showing the fourth em- data and the demodulation timing of reproduced date) is 
bodiment of the present invention. the same among tiie zones. Thus, the lengths of record- 

FIG. 12 is a schematic view showing a fifth embodi- 40 ing pits are the same (constant in recording density) in 
ment of the present mvention. the entire recording area of the disk. The present in ven- 

FIG. 13 is a chart showing an information recording- tion is based on the so-called MCLV recording/repro- 
/reproducing system in a saxth embodiment of the pres- ducing system. 

ent invention. A first embodiment of the present invention will here- 

FIG. 14 is a flow chart showing a seventh embodi- 45 inafter be described with reference to a flow chart 
ment of the present invention. shown in FIG. 2. 

DESCRIPTION OF THE PREFERRED When an instruction for seeking and recording/re- 

HMBODIMENTS producing comes from the outside host computer to the 

CPU 8, the CPU 8 determines whether the instruction is 
The details of the present invention will hereinafter 50 for the seeking to the inner peripheral zone of tiie disk 
be described with reference to the drawings. or not (the same zone or the outer peripheral zone). If 

FIG. 1 is a block diagram showing an embodiment of the instruction is for the seeking to the inner peripheral 
an information recording/reproducing apparatus for zone, the CPU 8 then determines whether the amount 
carrying out the information recording/reproducing of information to be recorded/reproduced exceeds a 
method of the present invention. In FIG. 1, the refer- 55 predetermined amount. 

ence numeral 1 designates a disk-like information re- Here, the predetermined amount is the amount of 
cording medium having concentric or spiral tracks information to be recorded or reproduced when the 
formed in a recording area provided on the surface total of the time during which the number of revolu- 
thereof. The reference numeral 2 denotes a spindle tions is varied to a number of revolutions corresponding 
motor for roteting tiie disk 1, tiie reference numeral 3 60 to tiie zone to be sought and flie time required for re- 
designates a number-of-revolutions changing switch for cording or reproducing at the varied number of revolu- 
selectively changing the number of revolutions of tiie tions coincides with the total of the average seeking 
spindle motor 2, the reference numeral 4 denotes a sig- time and the time required for recording or reproducing 
nal processing speed changing switch for selectively at tiie number of revolutions for the previous zone, and 
changmg the processing speed of a signal processing 65 is prescribed by tiie foflowing equation (1): 
circuit, the reference numeral 5 designates signal pro- 
cessing frequency setting means for setting the signal B^RjiTji-TMii/iRi-^i)} (i)» 
processing speed, Le.» the signal processing frequency. 
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where is the average seeking time, Tr is the time 
required for revving up the number of revolutions, B is 
the amount of information to be recorded/reproduced 
(the number of bytes), Rr is a recording/reproducing 
transfer rate cx)rresponding to a predetermined zone, 
Ri is the present number of revolutions, and R2 is a 
number of revolutions corresponding to the zone to be 
sought. 

In an example shown in FIG. 6, from the above equa- 
tion (1), the predetermined amount is 420 K byte. When 
420 K byte is exceeded, it will shorten the whole pro- 
cessing time to rev up the number of revolutions to a 
number of revolutions corresponding to the zone to be 
sought and effect recording/reproduction. 

For the reason set forth above, if the amount of infer- 15 
mation to be recorded/reproduced is equal to or greater 
than the predetermined amount, the switch 3 is con- 
trolled to rev up the number of revolutions, of the spin- 
dle motor 2 to the number of revolutions corresponding 
to the zone to be sought and at the same time, seeking is 20 
executed and recording/reproduction is effected. 
Thereafter, there is brought about a state in which the 
spindle motor waits for an instruction at that number of 
revolutions. If the amount of information is smaller than 
the predetermined amount, seeking is effected without. 25 
changing the number of revolutions of the spindle 
motor 2 and the switch 4 is controlled to change the 
recording/reproducing frequency of the signal process- 
ing circuit 7 so that even if in the zone to be sought, 
recording/reproduction is effected at that number of 30 
revolutions, the length of recording pit in that zone may 
be the same as the length of recording pit in the other 
zones, and recording/reproduction is effected. Thereaf- 
ter, there is brought about a state in which the spindle 
motor waits for an instruction at that number of revolu- 35 
tions. 

When seeking is to be effected in the same zone and 
recording/reproduction is to be effected, the number of 
revolutions of the spindle motor 2 and the recording/re- 
producing frequency of the signal processing circuit are 40 
not changed. Also, when seeking is to be effected in the 
outer peripheral zone and recording/reproduction is to 
be effected, the switch 3 is controlled to change the 
number of revolutions of the spindle motor 2 to the 
number of revolutions for the corresponding zone, and 45 
the recording/reproducing frequency of the signal pro- 
cessing circuit is not changed. 

FIG. 7 is a schematic view showing the operation 
when the amount of information is smaller than the 
predetermined amount, and although when the spindle 50 
motor is rotating at 2400 rpm in a zone A, there has 
come an instruction to seek to the inner peripheral zone 
B and effect recording/reproduction, the number of 
revolutions should originally become 3000 rpm in the 
zone B because the amount of information is smaller 55 
than the predetermined amount, but yet recording/re- 
production is effected at 2400 rpm. 

FIG. 8 is a schematic view showing the operation 
when the amount of information is equal to or greater 
than the predetermined amount, and simultaneously 60 
with seeking, the number of revolutions of the spindle 
motor is revved up to 3000 rpm which is the number of 
revolutions for the zone B, and recording/reproduction 
is effected. According to the present invention, even if 
the recording/reproduction of a small amount of infor- 65 
mation frequently takes place from a zone correspond- 
ing to the number of revolutions at the starting point of 
time to the inner peripheral zone, the number of revolu- 
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tions is not changed each time and therefore, the seek- 
ing time can be shortened and thus, the recording/re- 
producing process time can be shortened. 
A second embodiment of the present invention wiU 
5 now be described with reference to the flow chart of 
FIG. 3 and the schematic view of FIG. 9. The number 
of revolutions of the spindle motor 2 at the starting 
point of time will be described with respect to a case 
where the spindle motor is rotating at a number of revo- 
lt lutions 2400 rpm corresponding to the zone A in Table 
1. The operation of the present embodiment follows the 
operation of the aforedescribed first embodiment 

An instruction for seeking and recording/reproduc- 
ing comes from the outside host computer to the CPU 
8 and which zone should be sought is stored in the 
memory 9. The recording/reproducing head is in the 
zone A at first and has sought the zone B, closer to the 
inner periphery of the disk than the zone A, but the 
amount of information to be recorded/reproduced is 
smaller than the predetermined amount (the amoimt of 
information defmed by the aforementioned equation 
(1)) and therefore, recording/reproduction is executed 
still at 2400 rpm. Thereafter, which zone has been 
sought is stored in the memory 9 each time seeking is 
effected, so that the history of the zones which have 
been sought ten times in the past can be known. In the 
case of FIGS. 3 and 9, an instruction for seeking and 
recording/reproducing finally comes from the state of 
B.B.B.B.B.A.B.B.B.A. (present-»-past), and by an in- 
struction for seeking to the zone B, there is brought 
about the state of B.B.B.B.B.B.A.B.B.B. (present- 
-»past), and the frequency of the seeking to the zone B 
exceeds 90%, That is, the frequency with which seekmg 
and recording/reproduction are executed in the zone B 
exhibits a high probability, and the adoption of 3000 
rpm corresponding to the zone B results in better recor- 
ding/reproducing process efficiency in terms of time. 
Accordingly, when the CPU 8 judges that fact in accor- 
dance with tibe content of the memory, the number of 
revolutions of the spindle motor 2 is revved up to 3000 
rpm after the recording/reproducing process when so 
judged is terminated, and the next instruction is waited 
for. 

A third embodiment of the present invention will 
now be described with reference to the flow chart of 
FIG. 4 and the schematic view of FIG. 10. 

In the previous embodiment, the frequency of zone 
seeking has been calculated from the history of the past 
zone seeking, and on the basis of the result thereof, the 
number of revolutions has been adjusted, but a simpler 
algorithm is shown in FIG. 4. The difference of the 
present embodiment from the previous embodiment is 
that whether the same zone has been sought ten times in 
the past and recording/reproduction is effected is deter- 
mined and if the same zone has been sought ten times in 
the past and recording/reproduction is effected, the 
number of revolutions of the spindle motor 2 is revved 
up to the number of revolutions for that zone. 

The present embodiment is simpler in control than 
the previous embodiment 

The previous embodiment wiU be sufiQciently effec- 
tive even if seeking is effected only for the recording- 
/reproduction of an amount of information smaller than 
the predetermined amount of information. 

A fourth embodiment of the present invention will 
now be described with reference to the flow chart of 
FIG. 5 and the schematic view of FIG. U. 
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In the previous embodiment, when the amomit of mined. Ifit is the outermost peripheral zone, the instruc- 
infonnation to be recorded/reproduced is equal to or tion is executed without the number of revolutions 
greater than the predetermined amount, the number of being changed. If the position to be sought is any other 
revolutions has been revved up and recording/repro- zone than the outermost peripheral zone, whether the 
duction has been executed, whereafter there has been S amoimt of information to be recorded/reproduced next 
brought about the state in which the instruction is is equal to or greater than the predetermined amount 
waited for, but when the instruction coming next time (the amount of information prescribed by the aforemen- 
instructs the seeking of the outer peripheral zone and tioned equation (I)) is determined. If the amount of 
recording/reproduction is effected, it has been neces- information to be recorded/reproduced is smaller than 
sary that the number ofrevolutionsofthe spindle motor 10 the predetermined amount, the instruction is also exe- 
2 be revved down without faU to the number of revolu- cuted without the number of revolutions being 
tions for a corresponding zone. changed. If the amount of information to be recorded/- 

The reason for this wiU hereinafter be described. In reproduced is equal to or greater than the predeter- 
the MCLV system, this premises that over the entire mined amount, the number of revolutions is revved up 
recording area, recording/reproduction is effected at 15 toanumberofrevolutionscorrespondingto thezone to 
substantiaUy the same recording/reproducing fire- be sought and the instruction is executed. Thereafter, 
quency, but the recording/reproducing frequency set the number of revolutions of the spindle motor 2 is 
for that purpose is usually heightened as much as possi- restored to 2400 rpm, the number of revolutions corre- 
ble m practice to enhance the transferring rate. As pre- spending to the outermost peripheral zone in the parti- 
viously described, when without the number of revolu- 20 tion. and an instruction is waited for in the zone wherein 
tions of the spindle motor 2 being changed, seeking is to recording/reproduction has been effected, 
be effected from the zone m which the head is at present in the present embodiment, after the process in a zone 
to the mner penpheral zone and recording/reproduc- or a series of processes are terminated, the number of 
tion IS to be effected, the recording/reproducing fire- revolutions of the spindle motor is restored to the num- 
quency must be changed, but in such case, the number 25 ber of revolutions corresponding to the outermost pe- 
of revolutions is higher for the inner peripheral side Hpheral zone in the partition and therefore, even if the 
zones and thus, the recordmg/reproducing frequency is next instruction is for seekmg to a zone in the outer 
made lower than the recording/reprodudngftequency peripheral direction, it is unnecessary to change the 
when recording/reproduction is effected at the number number of revolutions and simply by changing the 
of revolutions for a corresponding zone. However, 30 recording/reproducing frequency (but only m the parti- 
when the outer perq)heral zone is to be sought and tion), the instruction can be executed. As a result, when 
recordmg/reproduction is to be effected, an attempt to seeking is effected of a zone in the outer peripheral 
effect recording/reproducdon at the number of revolu- direction and recording/reproduction is effected, the 
tions before seeking without the number of revolutions processing time can also be shortened to the utmost, 
of the spindle motor 2 being revved down to the num- 35 Also, in the present embodiment, the design may be 
ber of revolutions for a corresponding zone makes it made such that after the execution of the instruction, a 
necessary to heighten the recording/reproducing fre- return operation is performed to a predetermined posi- 
quency. In such case, as previously described, the recor- tion (which is set arbitrarily) in the outermost periph- 
dmg/reproducmg frequency when recording/repro- eral zone in the partition and an instruction is waited 
duction IS effected at the number of revolutions corre- 40 for. In such case, however, the predetermined amount 
spending to that zone is heightened as much as possible may be the amount of information to be recorded or 
m practice, and it is possible m performance to reduce reproduced when the total of the time during which the 
the frequency below it, but it is unreasonable in perfor- number of revolutions is changed to the number of 
mance to heighten the recording/reproducing fre- revolutions corresponding to the zone to be sought, the 
quency above it Therefore, when the outer peripheral 45 time required for recording or reproducing at the 
zone is to be sought and recording/reproduction is to be changed number of revolutions and the time during 
effected, the number of revolutions of the spindle motor which the number of revolutions is revved down to the 
2 must be revved down without fail to the number of number of revolutions corresponding to tiie outermost 
revolutions corresponding to the zone to be sought peripheral zone in the partition coincides with the total 

The present embodiment shortens the processing 50 of tiie time required for seeking (a time double the aver- 
time to the utmost when the outer peripheral zone is age seeking time) and the time required for recording or 
sought and recording/reproduction is effected. reproducing at the number of revolutions for the previ- 

The recording area on the disk is first divided mto a ous zone. It is prescribed by the foUowing equation (2): 
plurahty of partitions, and then the head is moved to the 

outermost peripheral zone in one of the partitions to 55 B^lRTiTn-TMRi/iRi-Ri)}, (2) 
effect a continuous recording/reproducing process. 

The spindle motor 2 is then rotated at a number of where T^ is the average seeking time, Tr is the time 
revolutions corresponding to the outermost peripheral required for revving up the number of revolutions, B is 
zone in that partition (the partition referred to here is the amount of information to be recorded/reproduced 
the recording area logically divided to efficiently man- 60 (byte number), Rr is the recording/reproducing trans- 
age the information on the recording medium, and in- ferring rate corresponding to a given zone, Ri is the 
eludes a plurality of zones). According to FIG. 11, the present number of revolutions, and R2 is the number of 
^nndle motor starts at 2400 rpm, the number of revolu- revolutions correspondmg to the zone to be sought 
tions corresponding to the outermost peripheral zone A In the present embodiment, when an amount of infor- 
in the partition consisting of zones A, B and C. Next, 65 mation equal to or greater than the predetermined 
when there is an instruction for seeldng and recording- amount is to be continuously recorded/reproduced, the 
/reproducing, whether the position to be sought is the number of revolutions of the disk need not be changed 
outermost peripheral zone in the partition is deter- to the number of revolution corresponding to the outer- 
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most peripheral zone in the partition even after a recor- greater than the predetermined amount (the amount of 

ding/reproducing process is terminated. information prescribed by the aforementioned equation 

A fifth embodiment of the present invention wiU now (1)) is determined. If it is smaller than the predetermined 

be described. amount, the instruction is also executed without the 

In a magneto-optical disk or the like, where the re- 5 number of revolutions being changed. If the amount of 

cording area is divided into partitions, FAT in each information is equal to or greater than the predetcr- 

partition and information managing regions such as mined amount, the number of revolutions is revved up 

directory, directory entry and defect table exist and to the number of revolutions corresponding to the zone 

these are distinguished from the recording area used by to be sought and the instruction is executed. Thereafter, 

the user. 10 the number of revolutions of the spindle motor 2 is 

The frequency of the seeking of the head to the infor- restored to the number of revolutions corresponding to 

mation managing regions is high. In the present inven- the outermost peripheral zone in the partition, and an 

tion, as shown in FIG. 12, in a partition a (a portion of instruction is waited for (see the flow chart of FIG. 5). 

zone A and zone B), the information managing region When the recording/reproducing mode is selected, 

of that partition is placed in the zone B, and in a parti- 15 an instruction therefor goes from the host computer 12 

tion /5 (a portion of zone B, zone C and zone D), the to the CPU 8 of the magneto-optical disk apparatus 11, 

information managing regions is placed in the zone D. and in the CPU 8, when an instruction for seeking and 

By providing the information managing region in the recording/reproducing comes from the host computer 
outermost periphery in each partition like this, even if 12, whether the instruction is for the seeking to the 
the number of revolutions is not changed, it is made 20 inner peripheral zone of the disk or not (the same zone 
possible to carry out the recording/reproducing pro- or the outer peripheral zone) is determined. If the in- 
cess in the information managing region by only chang- struction is for the seeking to the inner peripheral zone, 
ing the recording/reproducing frequency, and the pro- whether the amount of information to be recorded/re- 
cessing time is shortened. produced is equal to or greater than the predetermined 

Also, the present embodiment may be used in combi- 2S amount (the amount of information prescribed by the 

nation with the operation of the previous fourth em- aforementioned equation (1)) is determined. If the 

bodiment That is, when the recording/reproducing amount of information to be recorded/reproduced is 

process in a zone or a series of recording/reproducing equal to or greater than the predetermined amount, the 

processes are terminated, the number of revolutions is switch 3 is controlled to rev up the number of revolu- 

changed to a number of revolutions corresponding to 30 tions of the spindle motor 2 to the number of revolu- 

the outermost peripheral zone in the partition wherein tions corresponding to the zone to be sought and at the 

the head is at present and the next instruction is waited same time, seeking is executed and recording/reproduc- 

for. tion is effected. Thereafter, an instruction is waited for 

A sixth embodiment of the present invention will at that number of revolutions. If the amount of informa- 

now be described with .reference to FIGS. 12 and 13. 35 tion is smaller than the predetermined amount, seeking 

In FIG. 13, the reference numeral 11 designates a is executed without the number of revolutions of the 

magneto-optical disk apparatus, the reference numeral spindle motor 2 being changed and the switch 4 is con- 

12 denotes a host computer for controUing the magne- trolled to change the recording/reproducing frequency 
to-optical disk apparatus 11, and the reference numeral of the signal processing circuit 7 so that in the zone to be 

13 designates a display such as a CRT. The interior of 40 sought, the length of recording pit may become the 
the magneto-optical disk apparatus is of such a con- same as that length of recording pit in the other zones 
struction as shown in FIG. 1. even if recording/reproduction is effected at that num- 

The operation in the above-described construction ber of revolutions, and recording/reproduction is ef- 

will hereinafter be described. fected. Thereafter, an instruction is waited for at that 

Usually, the system as shown in FIG. 13 is used in a 45 number of revolutions, 

mode for effecting the search for information stored in When seeking is effected in the same zone and recor- 

a recording medium in the magneto-optical disk appara- ding/reproduction is effected, the number of revolu- 

tus and a mode for effecting the recording/reproduc- tions of the spindle motor 2 and the recording/repro- 

tion of information on the recording medium in the ducingfrequency of the signal processing circuit are not 

magnetooptical disk apparatus, and with this point 50 changed. Also, when seeking is effected to the outer 

taken into account, the present invention makes the peripheral zone and recording/reproduction is effected, 

search mode and the recording/reproducing mode se- the switch 3 is controlled to change the number of revo- 

lectively changeable over by the host computer 12 on lutions of the spindle motor 2 to the number of revolu- 

the basis of the user's judgment When the user selects tions for the corresponding zone and the recording/re- 

the search mode, an instruction therefor goes from the 55 producing frequency of the signal processing circuit is 

host computer 12 to the CPU 8 of the magneto-optical not changed (see the flow chart of FIG. 5). 

disk apparatus 11, and in the CPU 8, the spindle motor As described above, in the search mode, the file of a 

2 is first rotated at the number of revolutions corre- small amount of reproduction is frequentiy accessed 

sponding to the outermost peripheral zone in the parti- beyond the zone and therefore, the control system 

tion wherein search information exists, and then, when 60 shown in the flow chart of FIG. 5 is effective, and in the 

there is an instruction for seeking and search coming recording/reproducing mode, recording/reproduction 

from the host computer 12, whether the position to be is contmuously effected and therefore, the control sys- 

sought is the outermost peripheral zone in the partition tem shown in the flow chart of FIG. 2 is effective. In 

is determined. If the position is the outermost peripheral the present invention, the selection of these modes is not 

zone, the instruction is executed without the number of 65 determined by the CPU 8 of the magneto-optical disk 

revolutions being changed. If the position is any other apparatus 11, but the modes are changed over on the 

zone than the outermost peripheral zone, whether the basis of the user's judgment and therefore, it becomes 

amount of information to be searched next is equal to or • possible to shorten the processing time. 
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A seventh embodiment of the present invention will 
now be described with reference to the flow chart of 
FIG. 14. 

In the control method based on the flow chart of 
FIG. 2, seeking is effected from the zone A in which the 
head is at present to the zone B more inner than the zone 
A and further, when the amount of information to be 
recorded/reproduced is smaller than the predetermined 
amount, the instruction is executed without the number 
of revolutions of the spindle motor 2 being changed, 
and even if thereafter an instruction for recording/re- 
producing an amount of information equal to or greater 
than the predetermined amount comes into the same 
zone B, the instruction is executed without the number 
of revolutions of the spindle motor 2 being changed 

In the present invention, however, when an instruc- 
tion for effecting recording/reproduction in the same 
zone has come after seeking is effected to the inner 
peripheral zone and the recording/reproduction of an 
amount of information smaller than the predetermined 20 
amount is effected without the number of revolutions 
being changed, if the amount of information to be recor- 
ded/reproduced is equal to or greater than the predeter- 
mined amount (the amount of information prescribed by 
the aforemendoned equation (1)), the number of revolu- 
tions of the spindle motor 2 is revved up and recording- 
/reproduction is effected. As a result, the processing 
time is shortened even further. 

Besides, the present invention permits various appli- 
cations without departing the scope of the invention as 30 
defined in the appended claims. 

As described above, according to the present inven- 
tion, there can be provided an information recording- 
/reproducing method in which recording density is 
made constant in the inner and outer peripheral portions 35 
of a disk and the transfer speed of reproduced data is 
constant in the inner and outer peripheral portions of 
the disk, and a long seeking time is not required. 

TABLE I 



25 



performs a seeking operation from a zone in which 
the recording and/or reproducing head is in a 
standby state to a different zone to effect the re- 
cording or reproduction operation. 

2. An iniformation recording and/or reproducing 
method according to claim 1, wherein the number of 
revolutions becomes greater from the outer peripheral 
zone toward the inner peripheral zone. 

3. An information recording and/or reproducing 
method according to claim 2, wherein the predeter- 
mined amount is the amount of information to be re- 
corded or reproduced when a total of a time during 
which the number of revolutions is changed to a num- 
ber of revolutions corresponding to a zone to be sought 
and a time required for recording or reproducing at the 
changed number of revolutions coincides with a total of 
an average seeking time and the time required for re- 
cording or reproducing at a number of revolutions for a 
previous zone. 

4. An information recording and/or reproducing 
method in which a recording area is divided into a 
plurality of zones in the radial direction of a disk so that 
the lengths of recording pits become the same in the 
entire recording area of the disk and the recording and- 
/or reproduction of information is effected with a num- 
ber of revolutions of the disk changed in each zone from 
an inner peripheral zone toward an outer peripheral 
zone, including the step of: 

effecting a recording or reproduction operation m a 
zone while the number of revolutions of the disk 
equals a predetermined number of revolutions 
needed to record or reproduce the information in 
that zone, when the frequency of seeking that zone, 
to perform the recording or reproducing operation, 
exceeds a predetermined value for a past predeter- 
mined number of seeking operations. 

5. An information recording and/or reproducing 
method according to claim 4, wherein the number of 
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What is claimed is: 

1. An infonnation recording and/or reproducing 
method in which a recording area is divided into a 
plurality of zones in the radial direction of a disk so that 
the lengths of recording pits become the same in the 
entire recording area of the disk and the recording and- 
/or reproduction of information is effected with a num- 
ber of revolutions of the disk changed m each zone from 
an inner peripheral zone toward an outer peripheral 
zone, including the step of: 
effecting the recording or reproduction of the infor- 
mation without changing the number of revolu- 
tions if the amount of information to be recorded or 
reproduced is smaller than a predetermined 
amount after a recording and/or reproducing head 



revolutions becomes greater from the outer peripheral 
55 zone toward the inner peripheral zone. 

6. An infonnation recording and/or reproducing 
method according to claim A, wherein the frequency of 
recording or reproduction is directed to only recording 
or reproduction in which the amount to be recorded or 

60 reproduced is equal to or smaller than a predetermined 
amount 

7. An information recording and/or reproducing 
method in which a recording area is divided into a 
plurality of zones in the radial direction of a disk so that 

65 the lengths of recording pits become the same in the 
entire recording area of the disk and the recording and- 
/or reproduction of information is effected with a num- 
ber of revolutions of the disk changed in each zonefirom 
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an inner peripheral zone toward an outer peripheral 

zone, including the step of: 
effecting a recording or reproduction operation in a 
zone while the disk rotates a predetermined num- 
ber of revolutions needed to record or reproduce 5 
the information in that zone, when the recording or 
reproduction operation in that zone has been ef- 
fected a predetermined number of times of seeking 
of that zone. 

8. An information recording and/or reproducing 
method according to claim 7, wherein a frequency of 
the continuance of the recording or reproduction is 
directed to only recording or reproduction operations 
in which an amount of information to be recorded or 
reproduced is equal to or smaller than a predetermined 
amount of information. 

9. An information recording and/or reproducing 
method according to claim 9, wherein the number of 
revolutions becomes greater from the outer peripheral 
zone toward the inner peripheral zone. 

10. An information recording and/or reproducing 
method according to claim 7, wherein the number of 
revolutions becomes greater from the outer peripheral 
zone toward the inner peripheral zone. 

11. An information recording and/or reproducing 
method in which a recording area is divided into a 
plurality of zones in the radial direction of a disk so that 
the lengths of recording pits become the same in the 
entire recording area of the disk and the recording and- 
/or reproduction of information is effected with a num- 
ber of revolutions of the disk changed in each zone from 
an Inner peripheral zone toward an outer peripheral 
zone, including the step of: 

recording, when the recording area is divided into a 35 
plurality of partitions including the plurahty of 
zones, managed information of each partition in the 
inxiermost peripheral zone in the partition* and 
effecting the recording or reproduction of the in- 
formation without changing the number of revolu- 4Q 
tions of the disk between the zone having the man- 
aged information recorded therein and the other 
zones when recording or reproduction in the parti- 
tion is effected. 

12. An information recording and/or reproducing 45 
method in which a recording area is divided into a 
plurality of zones in the radial direction of a disk so that 
the lengths of recording pits become the same in the 
entire recording area of the disk and the recording and- 
/or reproduction of information is effected with a num- 50 
ber of revolutions of the disk changed in each zone from 
an inner peripheral zone toward an outer peripheral 
zone, including the step of: 

dividing the recording area into a plurality of parti- 
tions including the plurality of zones, and chang- 53 
ing, after continuous recording or reproduction 
processes for a zone in a partition are completed, 
the number of revolutions of the disk to a predeter- 
mined number of revolutions needed to record or 
reproduce the information m the outermost periph- 60 
eral zone in that partition. 

13. An information recording and/or reproducing 
method according to claim 12, further wherein when an 
amount of information equal to or greater than a prede- 
termined amount is continuously recorded or repro- 65 
duced in the partition, the number of revolutions is not 
changed to a number of revolutions corresponding to 
the outermost peripheral zone in the partition even if 



the recording or reproduction of a bit of information in 
that partition is completed. 

14. An information recording and/or reproducing 
method in which a recording area is divided into a 
plurality of zones in the radial direction of a disk so that 
the lengths of recording pits become the same in the 
entire recording area of the disk and the recording and- 
/or reproduction of information is effected with a num- 
ber of revolutions of the disk changed in each zone from 
an inner peripheral zone toward an outer peripheral 
zone, including the step of: 

effecting the recording or reproduction of the infor- 
mation without changing the number of revolu- 
tions, the recording or reproduction of the infor- 
mation without changing the number of revolu- 
tions if the amount of information to be next re- 
corded or reproduced is smaller than a predeter- 
mined amount when a seeking operation of a re- 
cordmg and/or reproducing head is effected from a 
zone in which the recording and/or reproducing 
head is in a standby state to the inner peripheral 
zone, effecting the recording or reproduction of 
the information without changing the number of 
revolutions when the next recording or reproduc- 
tion is effected in the same zone, and effecting the 
recording or reproduction of the information with 
the number of revolutions changed to a number of 
revolutions corresponding to that zone if the 
amount of information to be recorded or repro- 
duced is greater than the predetermined amount 

15. An information and/or reproducing method ac- 
cording to claim 14, wherein the number of revolutions 
becomes greater from the outer peripheral zone toward 
the inner peripheral zone. 

16. An information recording and/or reproducing 
method according to claim 14, wherein the predeter- 
mined amount is the amount of information to be re- 
corded or reproduced when a total of a time during 
which the number of revolutions is changed to a num- 
ber of revolutions corresponding to a zone to be sought 
and a time required for recording or reproducing at the 
changed number of revolutions coincides with a total of 
an average seeking time and the time required for re- 
cording or reproducing at a number of revolutions for a 
previous zone. 

17. An information recording and/or reproducing 
method in which a recording area is divided into a 
plurality of zones and a plurality of partitions including 
said zones in the radial direction of a disk so that the 
lengths of recording pits become the same in the entire 
recording area of the disk and the recording and/or 
reproduction of information is effected with a number 
of revolutions of the disk changed in each zone from an 
inner perq)heral zone toward an outer peripheral zone, 
including the steps of: 

a first control step including the foUowing operations: 
(1) effecting the recording or reproduction of the 
information without changing the number of 
revolutions if the amount of information to be 
recorded or reproduced is smaller than a prede- 
termined amount when a seeking operation of a 
recording and/or reproducing head is effected 
from a zone in which the recording and/or re- 
producing head is in a standby state to the inner 
peripheral zone to effect recording or reproduc- 
tion, effecting the recording or reproduction of 
the information with the number of revolutions 
increased to a number of revolutions corre- 
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spending to the zone to be sought if the amount 
of information to be recorded or reproduced is 
greater than the predetermined amount and 
hereafter waiting for the next recording or re- 
production at the number of revolutions during 5 
recording or reproduction; 

(2) effecting recording or reproduction without 
changing the previous number of revolutions 
when the recording or reproducing operation is 

to be performed in the zone wherein the record- 10 
mg and/or reproducing head is in a standby 
state, and waiting for the next recording or re- 
production at the number of revolutions during 
recording or reproduction after the termination 
of a series of recording or reproducing opera- IS 
tions; 

(3) effecting the recording or reproduction of the 
information with the number of revolutions de- 
creased to a number of revolutions correspond- 
ing to the zone to be sought when a seeking 20 
operation of the recording and/or reproducing 
head is effected from the zone in which the re- 
cording and/or reproducing head is in the 
standby state to the outer peripheral zone to 
effect recording or reproduction, and waiting for 25 
the next recording or reproduction at the num- 
ber of revolutions during recording or reproduc- 
tion after the termination of the series of record- 
ing or reproducing operations; 

a second control step including the following opera- 30 
tions: 

first, adopting the number of revolutions for the 
outermost peripheral zone in the partition 
wherem a reproducing head lies now; 

effecting the reproduction of the information with- 35 
out changing the number of revolutions if the 
amount of information to be reproduced is 
smaUer than a predetermined amount when seek- 
ing is effected from a zone in the partition 
wherein the reproducing head is in a standby 40 
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state to a different zone to effect reproduction, 
effecting the reproduction of the information 
with the number of revolutions increased to a 
number of revolutions corresponding to the zone 
to be sought if the amount of information to be 
reproduced is greater than the predetermined 
amount, and thereafter waiting for the next re- 
production with the number of revolutions de- 
creased to a number of revolutions correspond- 
ing to the outermost peripheral zone in the parti- 
tion; 

effecting the reproduction of the information with- 
out changing the number of revolutions if the 
amount of information to be reproduced is 
smaUer than a predetermined amount when the 
reproducing operation is performed m the zone, 
effecting the reproduction of the information 
with the number of revolutions increased to a 
number of revolutions corresponding to the zone 
if the amount of information to be reproduced is 
greater than the predetermined amount, and 
waiting for the next reproduction with the num- 
ber of revolutions decreased to a number of rev- 
olutions corresponding to the outermost periph- 
eral zone in the partition after the termination of 
a series of reproducing operations; 

effecting the reproducing operation without 
changing the number of revolutions when seek- 
ing is effected from the zone in which the repro- 
ducing head is in a standby state to the outer 
peripheral zone to effect reproduction, and wait- 
ing for the next reproduction at a number of 
revolutions corresponding to the outermost pe- 
ripheral zone in the partition after the termina- 
tion of the series of reproducing operations; and 

the step of changing over said first control step and 
said second control step in conformity with the 
situation. 

* 4r * * • 
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